Abstract-On the basis of an expression given by Buchholz for the magnetic-vector potential for an infinitely long twisted-wire pair, the expressions for the external component-flux densities in cylindrical coordinates have been developed. These expressions checked very well with data obtained in the proximity of precisionwound twisted-wire pairs. A generalized graph for various radii and pitch lengths has been developed to enable the design engineer to quickly predict the strength of the magnetic field for all three spacial components at distances in the proximity of a twisted-wire pair.
INTRODUCTION
ELECTRO1\IAGNETIC compatibility studies require that the fields from sources of magnetic energy be well kinown. Unfortunately, many of these sources are not defined to the desired degree of accuracy. This applies to the case of the twisted-wire pair, which, despite its widespread use, has been sparsely covered in the open literature. Two reports recently have attempted to fill this gap. One, by Alksne, is purely theoretical [1] , whereas the second, by M\Ioser and Spencer [2] , provides both experimeintal work as well as theoretical analysis.
This paper gives the theoretical expressions for the componenits of the magnetic-field strength of a uniformly wounid twisted-wire pair in the near field expressed as an infinite series of terms. As showni later, the first term in this series is dominant; a graph of this first term is provided so that designers may quickly determine the field strenigth itear the twisted pair. This field strength is of importaince in EMIC prediction of cable-to-cable interference since, due to space limitations, the separation distance between the cables may be small. The (2) where H is the magnetic-field intensity in amperes per meter.
SHENFELD: MAGNETIC FIELDS OF TWISTED-WIRE PAIRS
Since this paper is concerned with fields for which p > a, the followxing substitution will be made in (1) 
Applying (2) Equations (7)-(9) may be given in terms of the flux density B in webers per square meter since B = juoH, where ,uI is the permeability of free space (4r X 10 -7 H/m). GRAPH OF THEORETICAL EQUATIONS AND EXPERIMENTAL DATA Equations (7)- (9) then give the value of the magnetic field intensities in the region around the twisted-wire pair. Each component is a summation over all the values of X, which makes the expressions cumbersome; however, they are considerably simpler than those given by M'Ioser [2] . 6) 2) The vertical axis is plotted in terms of hB, where h is the pitch distance in inches and B is the flux density in gauss. The values plotted have been normalized to 1 guass-inch, and the values plotted as ordinates are in terms of decibels xvith respect to 1 guass-inch, the reference level, as obtained from the following equation: dB = 20 logi hB (10) where h is the pitch distance in inches, B is the flux (7) density in gauss, and RhB| is the absolute value.
3) The figures have been calculated for various values of the normalized parameter aAh. 4) Only the first three terms of the series have been plotted in Figs. 2-4, and the variation and sign changes given by the trigonometric multiplier in (7)-(9) have not been included. Thus Bp, as given by (7) 
which equals -1 for any value of X, and the components are all additive for this value of the variable. Shown in Figs. 2-4 are plots of the pitch distance h times each of the three components of the magnetic flux density, Bp, B, and B5 plotted as a function of the nondimensional parameter plh for several values of a/h. The units in the plot were chosen for the convenience of the user; thus, inches are to be substituted for h in order to determine the flux density. The flux density obtained will be in gauss, which is commonly used in electromagnetic compatibility work. The plots given are the absolute maximum amplitude of the three terms without regard to sign. These plots are the maximum value of |hB with respect to the argument of the trigonometric term. Whether the value is maximum or rms depends on the corresponding value of the current. As may be seen from the various graphs, the first term in the series quickly becomes the dominant term.
In Figs. 5-7, the first term of the series is plotted as a function of plh with alh as the parameter. The minimum value of p/h to which the curves are plotted is the radius of the twisted-wire pair from the axis to the center of the conductor, as shown in Fig. 1 . The theoretical curves shown in Figs. 8 and 9 were obtained from Figs. 5-7 for the particular twisted pairs used by Moser [2] . Also shown are 1\foser's experimental data for two specially constructed twisted pairs that had grooves along the outer diameters of the dowels. In one case (Fig.  8 ) the radius a was 0.125 inch and the pitch h was 3 iniches, whereas for the second cable the radius was 0.2.5 inch and the pitch was 6 inches.
For both pairs then the ratio of a/h was 1/24. The ordinates of Figs. 8 and 9 are in dB 1 gauss so that ill transposing the curves from Figs. 5, 6, and 7 the appropriate correction for the pitch in inches should be made as indicated by (15). As can be seen in Figs. 8 and 9, remarkable agreement was obtained between the theoretical equations and MIoser's data [2] . Since the theoretical curves for B, correspond to Bp over most of the measured range, the experimental data reported by Moser [2] were averaged for these plotted points. Deviations from the theoretical curves were obtained as the measured fields approached 100 dB below 1 gauss; this deviation is especially noticeable in the case of Fig. 9 . f\Ioser [2] gives possible reasons for this flattening out of the experimental data. In Fig. 10 the same data given in Fig. 9 have been plotted as a function of the normalized abscissa p/h. Fig. 11 presents a generalized set of curves that may be used for the calculation of the flux density in dB gauss.
GENERALIZED GRAPH
Utilizing only the first term of (7)- (9) 
CONCLUSIONS
The theoretical formula given by Buchholz has been shown to agree very closely with experimental data taken close to a precision-wound twisted-wire pair. The deviations from the theoretical equations that arise at distances of 1.5 times the pitch are assumed to be occasioned by either deviations from a perfect helix in winding the twisted pair or by other modes that set up an extraneous field. The first term of the series is the dominant term and for most situations is the one required by electromagnetic compatibility work. This first term has been plotted in graphical form to give the three components of the magnetic-flux density in gauss. By using this graph, one can quickly and accurately determine the magnetic-flux density in proximity to the twisted-wire pair for a wide range of radii and pitches of the cable.
